Background: Venous thromboembolism (VTE) is a multifactorial disease in which genetic and acquired risk factors may contribute to disease pathogenesis. Several studies have demonstrated that b-fibrinogen (FGB) polymorphisms are associated with the risk of VTE. However, the results of these studies were not totally consistent. In this paper, we performed a meta-analysis to further investigate the relationship between FGB polymorphisms and susceptibility to VTE.
Introduction
Venous thromboembolism (VTE), which consists of deep venous thrombosis (DVT) and pulmonary embolism (PE), is described as the functional venous outflow obstruction attributed to previous deep vein clot and the pathophysiological changes and clinical manifestations of the pulmonary artery occlusion followed by thrombus detachment and migration. VTE is a fairly common disease with high morbidity and mortality. [1] Due to the high incidence of complications, the intense tendency to relapse and the significantly lower survival rate, VTE imposed a heavy burden both on patients and society. [2] The pathogenesis of VTE is complex and multifactorial, including genetic or acquired predisposition to thrombosis as well as a variety of risk factors. Over the last decades, a number of genetic mutations have been reported to be associated with the susceptibility to VTE. [3] [4] [5] Fibrinogen (Fg; also known as coagulation factor I) serves as a key protein in the coagulation process. It is converted to fibrin monomer by thrombin in the final stage of the coagulation cascade, and finally forms an insoluble fibrin clot to exert blood coagulation. Fibrinogen is comprised of 2 symmetric half molecules, each consisting of 3 polypeptide chains termed Aa, Bb, and g, which are joined together by 5 symmetrical disulfide bridges. [6, 7] Many prospective studies and case-control studies have reported that plasma fibrinogen concentration is an independent risk factor for cardiovascular and thrombotic diseases. [8, 9] Fibrinogen gene family is comprised of 3 genes coding fibrinogen g, a, and b, clustered in a region of approximately 50 kb on the long arm of chromosome 4. Transcription of b-fibrinogen gene (FGB) is the rate-limiting step in fibrinogen production. Therefore, the FGB gene is thought to obviously affect plasma fibrinogen levels, and has been confirmed by following researches. [10] A large number of studies have reported the correlation between FGB gene -455G>A and -148C>T polymorphisms with increased risk of arterial thrombotic disease. [11] [12] [13] [14] [15] Several meta-analysis studies have also demonstrated these 2 polymorphisms of FGB gene are associated with increased risk of ischemic stroke and coronary heart disease. [16, 17] Koster first conducted a case-control study aimed to elucidate the association between FGB -455G>A polymorphism and VTE susceptibility, and demonstrated a significantly decreased risk of VTE in carriers of the A-allele heterozygote variant. [18] However, several subsequent studies reported that the FGB polymorphisms did not contribute to VTE susceptibility or decrease the risk of VTE. [19] [20] [21] Given the inconsistent and even contradictory findings of previous studies, we conducted a comprehensive meta-analysis to further investigate the association between FGB gene polymorphisms and susceptibility to VTE.
Materials and methods

Literature search
The databases of PubMed, EMBASE, Web of Science, Chinese National Knowledge Infrastructure, and Wan Fang were searched in a comprehensive and systematic approach to collect eligible case-control studies investigating the association between FGB gene polymorphisms and VTE risk. The retrieval time was up to March 2019. To avoid omission of potential relevant literatures, references of the incorporated literatures were also traced and manually searched. The search terms were as follows: ("FGB" OR "beta-fibrinogen" OR "fibrinogen beta" OR "b-fibrinogen" OR "fibrinogen b" OR "HaeIII") and ("VTE" OR "Venous thromboembolism" OR "Venous Thrombosis" OR "pulmonary embolism") and ("mutation" OR "variant" OR "polymorphism" OR "genotype" OR "allele" OR "gene" OR "snp").
Inclusion and exclusion criteria
Strict inclusion and exclusion criteria were set and performed in this current meta-analysis. The inclusion criteria of the search included the following: case-control study evaluating the relationship between FGB gene polymorphisms and risk of VTE; the enrolled patients in the case group were confirmed by the diagnostic criteria of VTE, PE, or DVT. The exclusion criteria were mainly based on the following: articles published neither in English nor in Chinese; repeated publications or studies published by the identical author, only retained and incorporated the study with the largest sample size and the most comprehensive data; studies with insufficient information about genotype distribution; reviews, animal experiments, case reports or conference abstracts.
Data extraction
Two reviewers (DL and XZ) independently screened the potential eligible literature and extracted data. First, the title and abstract of citations obtained through the search strategy were screened for eligibility. Next, the full text of all potentially eligible trials was retrieved and then further evaluated to exclude studies not relevant to the topic. In case of disagreement, a third reviewer (HZ, MD) was consulted to decide. To obtain missing data, corresponding authors of the included studies were contacted by email. The data extraction content includes: first author, publication year, nationality, ethnicity, thrombotic disorder category, source of control, genotyping method, and genotype distribution.
Quality assessment
Newcastle-Ottawa scale is a extensively adopted qualityassessment tool in observational and nonrandomized trials and was applied in this current meta-analysis to evaluate the quality of included studies. The scoring of this scale tool contains 3 aspects: the choice of the research group; comparability between groups; result determination. The "star system" was conducted in the scoring system with a maximum score of 9 points. Higher scores indicate the better quality of design and methodology of the study.
Statistical analysis
Meta-analysis was performed with Revman5.3 software from the Cochrane Collaboration. The strength of association between FGB polymorphisms and VTE was evaluated by calculating odds ratios (ORs) and its 95% confidence interval (CI) under 5 gene comparison models, for example, the correlation between -455G>A polymorphism and VTE was measured and assessed under the following 5 gene comparison models: allele model (A vs G), homozygous model (AA vs. GG), heterozygous model (GA vs AA), dominant model (GA + AA vs. GG), and recessive model (AA vs GA + GG). The heterogeneity was quantitatively determined by I 2 . If there was no statistical heterogeneity among the results (I 2 statistic <50%), the fixed-effect model was performed for meta-analysis. If statistical heterogeneity existed (I 2 statistic >50%), the source of heterogeneity would be further analyzed, and the random effect model will be adopted. In addition to overall analysis, subgroup analyses stratified by ethnicity, type of thrombotic disorders, and source of control were also performed.
The possible publication bias was first evaluated by observing the symmetry of the funnel plots. The Stata14.0 software (STATA Corporation, College Station, TX) was further used to perform the Egger test operational procedure which was adopted to assess the existence of potential publication bias. The genotype distribution of the control group was calculated by x 2 test to estimate whether the control group was consistent with Hardy-Weinberg equilibrium (HWE). Sensitivity analyses were also carried out to examine the stability of synthetic results.
Trial sequential analysis (TSA) was conducted by TSA v0.9.5.10 Beta software developed by Copenhagen clinical trial center. The odds ratio reduction (OR reduction) was set as 20%. Type 1 error = 0.05 and type 2 error = 0.2 were adopted to calculate the required information size (RIS). When the cumulative Z value crosses the TSA threshold, the result was considered statistically significant. At the same time, the sample size of cumulative evidence was judged to be sufficient based on RIS.
Ethical approval
The current meta-analysis was performed on the base of previous studies. Thus, the ethical approval was not required. 
Results
Study characteristics
A total of 202 articles were identified through systematic search. After removing 30 duplicated articles, 152 articles were further excluded by browsing the title and abstract. Through particularly screening the left remaining 20 articles in full text, a total of 18 studies accorded with the inclusion criteria were ultimately enrolled in this current meta-analysis, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] including 3033 VTE cases and 4547 healthy controls overall. Among the incorporated literatures, 16 investigated -455G>A polymorphism and 6 inspected -148C>T polymorphism. Among the studies on -455G>A polymorphism, 6 were based on the Caucasian population and 9 were based on the Asian population. It should be mentioned that 2 of these studies, Camilleri and Cushman's studies were mixed population consisting, the former provided specific genotype distribution of each ethnicity, and Cushman's study provided the genotype distribution of the Caucasian population. Therefore, genotype distribution of independent ethnicity in the 2 literatures was included in the ethno-based stratified subgroup analysis. In the literature on -148C>T polymorphism, there were 3 studies based on the Asian population and 2 based on the Latino population. Among all included eligible studies, 3 studies were not consistent with HWE. Figure 1 shows the flowchart of selection and inclusion process. Table 1 summaries the general characteristics of all included literatures. Table 2 shows the detailed -455G>A polymorphism and -148C>T polymorphism genotype distributions and the Pvalue of HWE in each control group.
3.2. Quantitative synthesis 3.2.1. Meta-analysis of association between FGB polymorphisms and VTE susceptibility. Table 2 lists the main results of the association between the -455G>A,-148C>T polymorphisms and VTE risk. Figure 2 displays the forest plot of the association 003),at the mean time a conspicuous decrease in heterogeneity was also observed. Figure 3 displays the forest plot of the association between FGB -455G>A polymorphism and VTE among Caucasian ethnicity. However, no significant association was found between -455G>A polymorphism and VTE susceptibility in light of Asian ethnicity or other stratified subgroup analyses. In terms of association between -148C>T polymorphism and VTE risk, there was no correlation between -148C>T polymorphism and risk of VTE, whether based on aggregate analysis of all populations or subgroup analyses based on different ethnic and thrombotic disease types. Figure 4 displays the forest plot of the association between FGB -148C>T polymorphism and VTE. Table 3 summarizes the main results of overall and subgroup analyses for FGB polymorphisms and VTE. 
Sensitivity analysis
Sensitivity analysis was performed to assess the impact of each individual study on the overall study. By removing individual studies seriatim, no statistical variation of pooled OR were observed, which indicated that the results of this current metaanalysis were stable. (Figs. 5 and 6 ).
Publication bias
Funnel plots showed no significant visual asymmetry in all gene comparison models ( Figs. 7 and 8) . Egger test was applied to further assess potential publication bias. The results of the Egger test also revealed no significant evidence of publication bias. Table 4 summarizes the main results of the Egger test.
TSA
On account of the stratified analysis revealed that -455G>A variation was significantly associated with decreased VTE susceptibility among Caucasian population, TSA was performed based on the 5 genetic comparison models of this subgroup to verify the reliability of the synthetic analysis results and the adequacy of the included samples. Under the allele model and the dominant model, the cumulative Z curve passed through the traditional boundary threshold and also crossed the trial sequential monitoring boundary, the result confirmed a reliable conclusion in advance although the actually accrued number of participants did not transcend the RIS, enlarging the sample size for subsequent study was not necessary. Under the heterozygous model, although the cumulative Z curve did not intersect with the trial sequential monitoring boundary, the cumulative Z-statistic crossed above the conventional threshold for statistical significance, and the cumulative samples exceeded the RIS, thereby indicated that the current sample size was sufficient and the pooled calculating result was credible. Under both the recessive model and the homozygous model, the cumulative Z curve did not cross with the sequential trial monitoring boundary, and the sample size has not reached RIS, which suggested that more large sample studies may be needed to get a solid conclusion. (Fig. 9A and B)
Discussion
Fibrinogen is a 340 KDa plasma glycoprotein synthesized and secreted mainly by liver cells. As the coagulation factor with the highest content, it is not only an crucial component of the coagulation system but also an important acute reactive protein, participate in a variety of physiological and pathological processes. [6, 36] The structural and functional abnormalities of fibrinogen caused by single nucleotide polymorphisms (SNPs) in the coding region of fibrinogen gene are associated with a variety of clinical diseases. [9, [37] [38] [39] The 3 polypeptide chains of fibrinogen are encoded by 3 independent genes: fibrinogen alpha (FGA), fibrinogen beta (FGB), and fibrinogen gamma (FGG), all of which are located at chromosome 4 (4q23 ∼ q32). The FGB gene contains 8 exons with a total length of 1476 kb and is responsible for encoding the b chain which is composed of 461 amino acid residues. [6, 7, 40] The synthesis of fibrinogen b chain is the dominating speed limiting step in fibrinogen production, so the FGB gene is Table 3 Results of overall and subgroup analyses for FGB polymorphisms and VTE. considered to be associated with changes in plasma fibrinogen levels. At present, more than 10 kinds of SNPs of FGB gene have been found, among which 2 SNPs, -455G>A and -148C>T, have been studied most extensively and intensively. -455G>A is the earliest and most studied locus of FGB gene polymorphisms. A subsequent case-control study confirmed this inference and suggested that A-allele of -455G>A mutation was significantly associated with elevated fibrinogen levels. [10] Most subsequent studies reached similar conclusions, suggesting that the A allele was positively related to the increase of plasma fibrinogen concentration. Comprehensive assessment of all common gene polymorphisms involving FGA, FGB, and FGG genes suggested that approximately 2% of plasma fibrinogen levels are affected by inherent fibrinogen gene polymorphisms. [41] Another large- sample study also demonstrated that the FGB -455G>A polymorphism had the strongest influence on increasing fibrinogen levels, and this polymorphism impact on approximately 1% of fibrinogen level variation. [42] In addition, the FGB -455G>A mutation has different effects on increasing fibrinogen in different ethnic groups. Study revealed that FGB -455G>A had the most intense correlation with elevated fibrinogen levels among the European-American, while no similar significant correlation was observed among Asian Americans. [43] Cook et al tested and compared the -455G>A and -148C>T polymorphisms of white, black, and Indian people living in London, and found that there were differences in allele frequency and linkage imbalance among the 3 ethnic groups, which caused changes in plasma fibrinogen level, suggesting that genetic polymorphism and disease susceptibility were different due to diverse ethnicities. [44] The relationship between these 2 SNPs of FGB gene with the susceptibility of arteriosclerotic diseases and arterial thrombotic diseases has been extensively explored. Maat et al revealed that the progression of coronary atherosclerosis was rapid in patients with genotype AA, which was speculated to lead to the progression of coronary artery disease by increasing the plasma fibrinogen level. [11] Schmidt et al conducted -148C> T polymorphism analysis on 399 middle-aged and elderly individuals and demonstrated that TT genotype was more advanced than CT and CC genotype in carotid atherosclerosis, suggesting that TT genotype was a genetic risk factor for carotid atherosclerosis in middle-aged and elderly people. [13] However, some studies suggested that the -148C> T polymorphism has no positive significance, a large-scale prospective study showed that -148C> T mutation does not increase the risk of cardiovascular events. [24] Recently, a number of meta-analyses summarized the data of previous studies and concluded that FGB -455G>A and -148C>T polymorphisms were significantly correlated with arterial thrombotic disorders such as acute myocardial infarction, acute coronary syndrome, and ischemic stroke, pooled results indicated these 2 SNPs significantly increase the risk of these diseases. [17, 45, 46] The strength of this present meta-analysis lists as follows: By setting and performing rigorous inclusion and exclusion criteria, a total of 18 studies were incorporated in this current meta-analysis study, including 3033 VTE cases and 4547 healthy controls, covering 5 ethnicities among 10 countries. We systematically evaluated the contribution of FGB gene polymorphisms to the occurrence of VTE. The pooled results illuminate FGB -455G>A polymorphism is negative correction with the susceptibility to VTE in the Caucasian ethnicity subtype, which participates as a protective factor in the occurrence of VTE. After evaluated by sensitivity analysis and TSA, the ultimate pooled results showed high quality and reliability.
Potential limitations of the present meta-analysis study should be mentioned. First, in addition to the subgroup analysis of the Caucasian population, there was significant heterogeneity in both the aggregate analysis including all the population groups and the subgroup analysis classified by race, source of control group, and disease type, suggesting that the pooled results obtained in these analyses were uncertainly stable. The main sources of heterogeneity may root in the following aspects: on the one hand, VTE includes P and DVT of lower limbs, and there may be differences in the etiology of specific thrombotic disease, several articles enrolled in this present meta-analysis are studies of mixed diseases; On the other hand, a variety of high risk factors for venous thrombosis, such as gender, age, history of traumatic surgery, tumor history, and other confounding factors also affect the heterogeneous results. These potential interfering factors were not corrected due to the lack of data in the original literature. Second, the protective effect of FGB -455G>A in the occurrence of venous thrombotic disease among Caucasians were not observed in the calculation results of other subgroup analyses, suggesting that more multi-population studies based on large samples may be needed to explore whether the FGB gene variation participate different roles in different ethnicity. Third, the limitation of retrieval language to Chinese and English may result in relevant eligible studies not being included in the analysis. Finally, VTE is a kind of disease with complex multi-factor etiology and pathogenesis, its morbidity is closed associated with age, the most recent study also pointed out that the function of fibrinogen in the human body also changes along with the age growth. [47] Restricted to the original research materials, the present meta-analysis did not conduct subgroups analysis based on aging stratification.
Despite some potential limitations, this meta-analysis still has several luminescent spots. So far, this is the first known metaanalysis study aimed to clarify the vague correlation between FGB gene polymorphisms and VTE risk. Since many previous studies have suggested that the SNPs of FGB gene are associated with increased risk of arterial thrombotic disease, and subsequently confirmed by several meta-analyses, the results of this current meta-analysis revealed FGB polymorphisms have a distinct different impact on the pathogenesis of venous thrombosis in contrast to its role in the pathogenesis of arterial thrombosis, which generate novel insights into the association of FGB polymorphisms with thrombotic disease. Of course, this conclusion requires more relevant investigations with larger sample size, more ethnic groups and strict protocols to further validate and more relevant experimental research to clarify the potential specific mechanism.
In summary, the results of this current meta-analysis demonstrated that FGB -455G>A polymorphism contributes to reduced risk of VTE among Caucasian population, but no similar association was observed in other stratified analyses, and there was no significant correlation between FGB -148C>T polymorphism and VTE susceptibility. 
